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"There will be little misuse of any teaching 
method in a classroom pervaded by sympathy and con-
ducted by an adult who strives to explain things well. 
For such a teacher will rarely lose sight of the over-
all objective. She will use audiovisual materials 
properly because she appreciates their great value in 
making the learning experience of her pupils more 
.meaningful and thus better remembered." 
Edgar Dale 
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CHAPTER ! ,INTRODUCTION 
PURPOSE OF THIS STUDY 
The purpose of this study is to construct an au-
diovisual aid, which could be used by teachers, to 
help illustrate processes and relationships that 
should lead to an understanding of the scientific 
method and its application to everyday life. This aid 
consists of 54 two inch by two inch 35 millimeter na-
tural color slides and a 33 1/3 r.p.m. long-playing 
micn~~groove record to narrate the illustrated lesson. 
JUSTIF~CATION 9F ~. EB2BLEM 
The basis of education today is largely derived 
from the evidence compiled from the fields of biology 
and psychology. As such, it is difficult to argue 
that the mere learning of facts and principles is suf- \ 
ficient to meet the requirements for the proper growth 
of the individual. "It seems self-evident, that even 
the general objectives for a course within a given sub-
ject field should be sufficiently specific to indicate 
i the particular concepts, skills, ideals, attitudes, 
and appreciations which the course exists to help pu-
5 
pils develop."1 Today, authorities are quite in agree- I 
ment in placing the cultivation of scientific methods and ! 
attitudes on their lists or objectives for science teach- II 
ing. The development of effective methods of thinking 
was rated as the prime importance of education by the 
staff of the Eight Year Study of the Progressive School.2 
Croxton states that the primary aim of science 
teaching is "the cultivation of scientific attitudes and 
methods of thinking."3 Noll assembled many statements of 
science teaching aims from text books, courses of study, 
and periodicals. One hundred and fifty sources were con-
sulted and analyzed. The ability to use the scientific 1 
I 
method and the · development of the corresponding desirable 1 
habits was round to be the second most frequently mentionl 
ed aim in elementary and junior high school.4 1 
lBillett, Roy o., Fundamentals of Seconda 
ing, Houghton, Mifflin Company, Boston, 19 
2smith, Eugene R. and Tyler, Ralph w., Appraising and Re-
cording Student Progress, Harper and Brothers, New York, 
1942, P• 18 : 
3croxton, William c., Science in the Elementary School, 
McGraw-Hill Book Company, New York, 1937, p. 39. 
4Noll, Victor H., The Teaching of Science in Elementary I 
and Secondary School, Michigan State College Press, \\ 
Lansing, Michigan, 1950, P• 7. 
lj 
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This leads us to the discussion of what is meant by I 
I 
the scientific method, and its relation to scientific 
attitudes and habits. 
When we speak of the method of the scientist, 
we usually have in mind that method by means 
of which noted scientists have discovered the 
laws of science--the inductive method of think-
ing. Confronted with a problematic situation, 
it is recognized as such, and the problem is 
clearly defined. Then, the salient elements 
of the problem are selected, facts collected 
that bear upon them and these are studied to 
see if they will suggest any tentative theory 
to account for the phenomena observed. An 
hypothesis once formulated is tested by obser-
vation or by experiment if possible, otherwise 
by inference to see if it will stand up under 
the test. If not another hypothesis must be 
sought and tested. On the basis of all the 
facts disclosed one reasons to a more or less 
correct judgment as to the causal relations 
that exist.l 
Thus, the scientific method is not subject to only onA 
objective definition, for it consists of procedure which 
is too flexible to take the form of any set of rules. 
In general, if a definition of the scientific method be 
required, one may accept the following: 
The Scientific Method is a procedure adopted 
on a mental pattern, developed for testing 
the truth of beliefs. The first essential of 
which is to verify the data that are organized 
lDowning, Elliot R., "Problems for Developing Skill in 
Scientific Thinking," School, Science and Mathematics, 
Vol. 34, pp. 400-405, April, 1934. 
II 
·I 
into beliefs by processes of reasoning.l 
It must be realized however, that the scientific method 
encompasses more than a procedure for problem solving, 
for it is very possible to follow the correct procedure 
incorrectly. It is necessary to recognize that the 
scientific method connotes the use of desirable and 
accurate attitudes of mind in following a recognized 
procedure to solve a problem. The attitude, as mention-
ed here, 
dividual 
is thought of as "a mental-motor set of the in-
which is characterized by predisposition toward ! 
objects, persons or events and a tendency to act."2 
The relationship between the scientific method and 
scientific attitude cannot be thought of as being 
divorced. Proper attitudes are essential in the em-
ployment of the scientific method, and the method in 
turn contributes toward the development of scientific 
attitudes. Thus, it is logical to reason that the value 
of teaching the scientific method is also for the pur-
pose of bringing about the inculcation of desirable 
lcleveland, Fred A., Modern Scientific Knowledge of 
Nature, Man and Society, Ronald Press Company, New York 
1929, p. 31. 
2Heiss, Elwood D., Obourn, Ellsworth S., et al., Modern 
Science Teaching, The Macmillan Company, New York, 
1950, p. 35. 
I 
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8 
associated attitudes of open-mindedness, and allied as-
pects of behavior. 
As has been mown, there is general agreement that 
the development of the proper use of the scientific 
method of thinking is a general aim of the science 
course. However, there is not complete agreement as to 
1 
whether scientific thinking ean be inculcated by direct 
teaching. There still remains the belief of long stand~ 
ing that desirable scientific habits would be developed ! 
concimitantly by the learner, with the mastery of facts l 
principles and scientific laws. As to this assumption, 1' 
Heiss states, "Nothing could be further from the 
truth."1 
Beauchamp2 asked twenty-six teachers to report on 
their methods of teaching the scientific method to thei l 
pupils. After compiling their reports, he found that 
the answers could be placed in the following five 
categories: 
lHeiss, Elwood D., Oburn, Ellsworth s., and Hofrman, 
Charles w., Modern Science Teaching, The Macmillan 
Company, New York, 1950, P• 35. I 
2Beauchamp, Wilbur L., "Instruction in Science," NationJ 
al Survey of Secondary Education, Monograph No. 22 1 
United States Office of Education Bulletin, 1932, 
Government Printing Office, Washington, D. C. 
·-
1. The study of seience results automatically in 
this ability, because of the nature of the subject 
matter of science. 
2. It is not possible to train a pupil to think. 
3. We had a lesson on that last week, or we will 
have a lesson on that next week. 
4. We take that up in the introduction to the 
course. 
5. The pupils learn the method by watching the 
procedure of the teacher. 
Although the sampling is insignificant, the reaction is 
indicative of the presence of the view under considera-
tion. 
If then th~ view is still existent, it is necessary 
to point to the evidence which can justify the use of an 
aid for the direct teaching of the method. Wesse11 
found that "teachers are not directing their pupils to 
display proper thinking as much as they do the accumula-
tion of facts and information." Blair and Goedson2 eon-
ducted a study with a group of junior high school pupils, 
using a test designed to measure scientific attitudes by 
lwessel, George, "Measuring the Contribution of the 
Ninth-Grade General Seienee Course to the Development of 
Scientific Attitudes," Science Education, Vol. 25, No-
vember 1941, P• 339. 
2Blair, Glenn M., and Goodson, Max, R., "Development of 
Scientific Thinking," School Review, Vol. XLVII, Novem-
ber, 1939, P• 700. 
1 
Noll. They divided a ninth grade into three groups and 
pre-tested each. One group continued to study science 
following the existing plan. The second 
ing science, was given direct instruction and special ex-
ercises for ·developing habits of accurate thinking, and 
I· A post-test was ~I 
The group taking fl 
science did not make any significant gains in scientific I 
the third group did not take science. 
given later, and the results analyzed. 
thinking over the comparable non-science group. I However, 1 
the gr0up exposed to special instruction in scientific 
thinking, gained nearly four times as much in this abil-
ity as did the matched group of non-science pupils. "In 
a word, then, it appears that the ability to think with 
I 
open-mindedness and from cause to effect is not something 1 
that can be markedly developed by merely taking a course ~,~ 1. labeled General Science."1 
Another study by Curtis2 points to a similar eon-
elusion. He constructed a group test to measure several 
components set forth in his definition of scientific at-
titude. A group of eighth-grade boys not studying 
lBlair. Glenn M., and Goodson, Max, R., "Development of 
Scientific Thinking," School Review, Vol. XLVII, No-
vember, 1939. P• 700. 
2curtis 1 Francis D., "Some Values Derived from Extensive j 
Reading of General Science," Contributions to Education, 
No. 163. Bureau of Publications T achers College, 1 
=====lJ===lj~~~'Uft--1-~ I 
I 
I 
science was exposed to two hours of specific instruction 
in six separate meetings. Three control groups were 
used, all equated with the experimental group on the 
I basis of I.Q. One control was a seventh grade group~ one I 
an eighth, and the third a ninth-grade group taking 
science. The test was repeated four months after the 
training. Although the ninth grade taking science had 
an average of 2.45 points higher than that of the seventh 
grade group, still the experimental group had an average 
gain of 12.25 points higher than the eighth-grade con- 1 
trol. This same test was repeated with ninth grade gtrlJ 
a group of graduate students, and two groups of ninth- I 
grade pupils studying science. From the evidence gather-
ed~ Curtis concluded that "a little instruction in sci-
entific attitudes pays large dividends."l 
The scientific method of thinking requires the elim-
ination of superstition~ bias and prejudice when drawing 
conclu~ons and in the interpretation of data. It is in-
teresting to note that direct teaching has been shown to 
rid the individual of superstitious thinking which is at-
titude-linked. An investigation by Caldwell and Lundeen2 
1op. cit.!', p. 2 
2caldwell, Otis 1"'. and Lundeen, Gerhard E., "An Experi-
mental Study of Superstitions and Other Unfounded Be-
liefs," Bureau of Publications, Teachers College, Colum-
bia Univers 
I 
j _ 
' \ 
I 
I ~ea.~ t : . with the inf'luences or such superstitions in the 
j Jun1or high school. The results indicate that five weeks 
of instruction caused a marked decrease in the unfounded 
beliefs and superstitions present in pupils of 15 states 
and 29 schools. 
If doubt does exist a s to whether children can be 
taught to think, surely it remains the job of education 
to help children to think more effectively. Even if the 
individual's general faculty for problem-solving can not 
be improved, this should not overshadow the necessity for 
phrases for meaningful learning. It is reasonable to 
assume that by bringing real and sense perceptions to the 
I 
individual, the memorization of meaningless terms may be 
!partially eliminated and the formulation and understanding 
1of concepts may be aided. It is wise to indicate at this 
I 
loewey, John, How We Think, D.c. Heath and Company, 
Boston, 1910, P• 173. 
,I 
I 
II 
I 
i 
point, however, that Wilmarth1 , in a similar study, 
found that there is no experimental evidence which may 
show that the natural color photographic slide has pre-
vented verbalism. We must also note that audio-visual 
aids, in general, have not been proved valuable to this 
end, as yet, for the literature is based on speculation. 
The teaching of the scientific method does, in it-
self, involve certain concepts that must be recogni;ed. 
The ideal way of learning a procedure is by doing. How-
ever, before one can do, one must learn how to do. In a 
word, the justification of this aid lies here. Brownell 
and Hendrickson2 state that "concepts are best learned 
through varied experience rather than repetitive pra~-
tice." In other words, we are to assume that learning 
best takes place when children gain a wide range of ex-
periences pertinent to the material being learned. The 
audio-visual aid does not attempt to be capable of total 
teaching of the scientific method, but certainly, it is 
to be welcomed as one means or experience in the direct 
lwilmarth, D.L., "Certain Biological Principles Illustra-
ted by Natural Color Slides," Unpublished Ed. M. Service 
Paper, Boston University, School of Education, 1950, p. J6,! · 
2Brownell, William A. and Hendrickson, Gordon, "How Child \ 
ren Learn Information, Concepts 1 and Generalizations," II 
National Society for the Study of Education, Forty- I 
Ninth Yearbook, Part I, P• 123. I 
:t~ 
teaching. The natural color photographic slide, as 
stated by Rulon1 , will help do the following: 
1. Create a lasting ~pression. 
2. Provide clarity of presentation. 
3. Furnish experimental clues by which the 
subject matter may be better understood 
and longer remembered. 
Finally, although the slide and sound represent symbo-
lism, the degree of abstractness is at a minimum. 
TECHNIQUE OF THE STUDY 
It is understood that the scientific method must be 
continually emphasized, as part of science instruction, 
all through the grades; however, it is deemed that the 
understanding of this method of thinking is valuable pre-
paration, for the science courses of high school level in l 
particular. Thus, the aid was designed for use in the II 
junior high school. I 
A list of desirable appreciations, attitudes, in-
terests, concepts and skills associated with the scienti-
fic method and prepared by Heiss, Oburn and Hoffman was 
established as the desired outcome to be achieved, with 
the use of the device, as a teaching aid. Keeping the 
aims established as the prime director, a suitable script 
for the narration of the lesson, was written. The eon-
!Rulon, Phillip J., The Sound Motion Picture in Science 
Teaching, Harvard University Press, Cambridge, 1933, 
P• 11. 
text was checked with the objectives established, and a 
final script was timed for a thirty minute narration of 
t:te lesson. 
Suitable subjects and scenes were proposed for pho-
tographing in order to achieve appropriate natural color 
illustrations of the narration. Scenes Which are famil-
iar to and commonly seen by junior high school pupils, 
in their everyday environment, were highly favored. A 
recording was made to permit synchronization of slide and 
sound conveniently to the teacher using the aid. The 
slides and record accompany this paper. 
SCOPE AND LIMITATION OF THE STUDY 
This study consists of 54 two inch by two inch 35 
millimeter natural color slides, arranged in an order 
which would enable the teacher to play the record and 
change the slides, at a given signal. This aid is de-
signed as one experience in learning the scientific me-
thod of thinking, its value and application to everyday 
life. 
The limitations of this study which must be taken 
into cognizance for the proper understanding of the work 
are as follows: 
1. The study ean not and does not attempt total 
teaching of the scientific method. 
2. The content of the narration has been carefully 
-116 J! _ 
prepared by the author; however, the emphasis on 
importance of components in scientific thinking is 
subject to individual view. 
3. There is no evidence, in the literature, to 
show the value of direct teaching, with the natural 
color slide, in correcting verbalism. 
4. Presentation does not assure equal learning by 
all pupils, but is rather aimed at being one ex-
perience and a supplement to other needed teaching 
methods and designs. 
5. The processes involved in the scientific method 
were illustrated in natural color slides, but there 
is ample room for photographic improvement. 
ASSUMPTIONS TO BE MADE 
This study accepts the assumptions that the seienti-
fic method of thinking is a desirable aim of science 
teaching and is associated with the development of such 
attitudes, habits and open-mindedness as are ben~ficial 
to good citizenship. It also assumes that it is far more 
successful to teach the scientific method directly, 
rather than to presuppose that it is a direct outcome of 
learning subject matter. To be valid, it must be agreed 
that the audio-visual aid of this type is of value as a 
teaching tool, and that the instrument will be welcomed 
by science instructors. 
RECAPITULATION 
An audio-visual aid, consisting of natural color 
slides and a long-playing record, has been designed and 
constructed to be used as one available learning 
il4"' 
experience in teaching the scientific method. 
CHAPTER II, . REVIEW OF RESEARCH 
It is felt that a desirable review of the previous 
work in this field should center about a discussion of 
the following three topics: 
1. The present available aids, involving either 
the sense of sight, hearing or both, which deal 
totally or in part, with information concerning the 
scientific method of thinking. 
2. Studies dealing with the aids utilizing natural 
color photographic slides. 
3. The experimental studies which have compared 
the results of teaching with the use of such aids, 
with those results obtained by using methods not 
using such aids. 
Let us first note the types of aids which are known 
to make sense impressiohs of either sight, sound, or 
both. Since the type of aid, about which this study con-
cerns itself, results in a vicarious expeiience for the 
pupils, the list need not include realia such as field 
trips, objects and specimens. Among the available au-
ditory aids are to be found, the radio, phonograph, and 
II 
I 
I 
sound recording apparatus. The visual aids include 
charts, the three dimensional effect of the t elebinocular, 
glass slides for opaque projection, film strips, natural 
color photographic slides, silent and sound motion pic-
tures. From the above list, the best efforts of the 
_9 
author have been unable to locate any work which is ex-
pressly designed to illustrate processes and relation-
ships involved in the understanding of the scientific 
method of thinking. For reasons which shall be described 
later, the natural color photographic slide was specifi-
cally preferred as the means of presentation. 
Because the classroom laboratory finds support in 
the use of various aids, many commercial concerns have 
made available a rather large collection of illustrated 
subject matter. However, this is particularly true of 
the sound motion picture. Today, there is available to 
classes a market of films of most any subject matter and 
most any age level. As such, it is difficult to under-
stand why only a few attempts to illustrate the scienti-
fic method have been found in instructional films, and 
why none have been uncovered which are concerned chiefly 
with this theme. 
The closest attempt at such treatment by a commer-
cial sound film is to be found in the film entitled, 
What is Science? It successfully deals with curiosity 
and proceeds through observation, hypothesization, test-
ing, and arriving at a conclusion. It was designed as 
an introduction to science, and is valuable as such. The 
film, a one reel 16mm; running for ten minutes, was pro-
duced by Coronet Films Inc., of Chicago. 
Coronet alse has available a similar type presenta-
tion entitled, Science and Superstition. Although the 
scientific method fails to receive emphasis, the film is 
noteworthy since it '·attempts to prove that superstitions 
about the groundhog, rabbit's foot, etc., are inaccurate 
by logical analysis, based on research and experimental 
evidence. 
Pasteur's Legacy, produced by the Modern Film 
Corporation, is related to this~udy, since it portrays 
the uncovering of clues by Pasteur in reaching for his 
accomplishments. Here again, the scientific method is 
left to implication. Two other films, which fail badly 
in emphasis, but touch related material to the scientific 
method are entitled: Spirit of Nobel and Story of 
Science. The commercial films, here mentioned, have 
been reviewed by the author. The author feels that these 
films come closest to discussing the scientific method, 
but it must be realized that they were designed to teach 
other content. 
No filmstrip was found which contained info~ation 
for the purpose of teaching the theme under discussion. 
The natural color slide, however, has been utilized in 
three recent studies. The first of these was conducted 
II by Danielal in 1949. She constructed an aid consisting 
I' 
I 
I 
of sixty color slides for the teaching of the topic 
"Color" in high school science classes. 
"The work as planned for this study of color has 
proved interesting to pupils and teacher and has 
brought about satisfactory results. The next step 
will now be to select another topic for the science 
outline for special studies and illuetrations by 
means of colored slides." 
Veneziano2 constructed an aid of color slides ac-
companied by a lecture on Eastern Massachusetts, for use 
in American History classes. Wilmarth3 also produced an 
aid, consisting of natural color slides, for the purpose 
of "illustrating material processes and relationships 
that should lead to the understanding of certain recog-
nized principles in the field of biology." 
Sufficient evidence is available to show that the 
learning process is aided by the utilization of sueh 
_ 
1naniels, Sybil L., "Teaching the Topic t Color' in High 
School Science Classes by Means of Natural Color Photo-
graphic Slides." Unpublished Ed.M. Service Paper, Bos-
ton University School of Education, 1949., P• 94. 
II 
II 
I 
2veneziano, Vincent, "Color Slides and Lectures on East-
ern Massachusetts for Use in American History Classes," 
Unpublished Ed.M. Service Paper, Boston University 
School of Education, 1950. 1 
3wilmarth, David L., "Certain Biological Principles Illus 
1 trated by Natural Color Slides." Unpublished Ed.M. Ser- II, 
vice Paper, Boston University School of Education, 1950. 
I 
I 
sensory impressions as are made possible by audi o-visual 
devices. Many studies have been made, in a variety of 
fields, which point to this conclusion. The first rele-
vant study was carried out by Wilbur1 , in 1928. He com-
pared methods of teaching geography without extra visual 
aids, with methods that employed slides and other de-
vices. He found that the latter method made for the 
greater achievement and growth. 2 wymAn 1 in 1932, sepa-
rated his several general science classes into twa 
groups. He used many types of visual aids in teaching 
one group, while the other group was not exposed to sueh 
visual materials. He also found that the group using vi-
sual aids showed a greater amount of learning. Although 
the previous studies are subject to criticism, in that 
the control and experimental groups were not carefully 
equated, they appear here because they are typical of 
numerous studies which point to like conclusions. 
An investigation, on a large scale, was reported by 
Wood and Freeman3. It included over 3000 students from 
1wilbur, Howard, "An Experiment in the Use of Visual Me-
thods of Instruction," General Science Qparterly, Vol. 
12, PP• 480-484, March 1928. 
2wyman, Carl E., "Visual Aids---or What Worth?" Science 
Education, Vol. 16, PP• 291-296, April 1932. 
1wood1 B.D., and Freeman, F.N., Motion Pictures in the 
Clasgroom, Houghton Mifflin Company, Boston, 1949, 
P• 2 O. 
grades seven, eight, and nine, from 12 different cities. I 
This group was carefully equated into two sections on the / 
basis of intelligence and knowledge of general science. 
The experimental group utilized films in their instruc-
tion, while the control group was not shown any films. 
An attempt at carrying on instruction in the regular way, 
except for the film variable was made. The experiment 
lasted close to four months, during which time growth 
was measured at intervals by comprehensive examinations 
which dealt with the material covered. The results of 
the comprehensive tests showed that the pupils with whom 
films were used consistently gained more than the equated 
control. 
In a study conducted by Rulon1 , three groups of 
ninth grade pupils were equated on various factors, in-
cluding intelligence, scientific knowledge, and chronolo-
gical age. A textbook was specificaLly prepared for this 
experiment, and eight sound motion pictures designed and 
constructed. One group, made up of 296 pupils, contin-
ued with their regular instruction; the second group, con 
sisting of 1241 students, was given instruction from the 
textbook alone, and the 443 in the experimental group use 
the text and were shown the series of eight specially 
prepared motion films. The period of instruction, last- 1 
Rulon Phillip J., e ound Motion Picture in Science 
Teaching, Harvard University Press, Cambridge, 1933. J 
I 
I. 
'I 
jr 
li 
I 
ing 32 days, dealt. with the subject matter in the fields II 
of biology and physiography. At the end of the per.l. od of i 
I instruction, a test was administered constructed for pur- i 
poses of the study. Another examination was given 3 1/2 11 
months later. In brief, the results showed that the ex- lj 
perimental or group using films in their instruction 
gained 20% more in their achievement. 
il The literature contains many similar studies which 
indicate that the proper use of audio-visual aids has \1 
proved its worth. This is also evidenced by the increase il 
I 
in use of varied audio-visual aids by teachers of all 
I 
Ill, SUMMARY OF THE RESEARCH 
No other study has been found in which an attempt bas i! 
subject fields. 
I been made to illustrate the scientific method of thinking 
and its application to everyday life, by means of an au-
dio-visual aid consisting of natural color photographic 
slides and a long-playing record carrying the lesson's 
narration. 
Several motion pictures, all produced by commercial 
concerns, touch upon the subject, or else le~~ve the sci-
entific method merely to be derived by context. No 
sound film that deals exclusively with this theme has 
been located. 
2 
I 
Three studies have successfully utilized the na-
I
; I
tural color photographic slide as employed in this work. j 
One, dealing with American History was accompanied by a 
proposed lecture. 
Audio-visual aids have been shown by experimental 
investigation to be of decided classroom value in en-
hancing the learning process. 
II 
I 
!J 
I 
i 
I 
I 
I 
I 
'I ~ 
II 
CHAPTER III, , PROCEDURE 
STATEMENT OF THE PROBLEM 
The purpose of this study is to design and construct 
an audio-visual aid, which could be used by teachers, to 
help illustrate processes and relationships that Should 
lead to an understanding of the scientific method and its 
application to everyday life. 
PROCEDURE 
The choice of Kodachrome slides and a long-playing 
record as the audio-visual device was found to be most 
practical. This type of aid was selected as the teaching 
medium for several reasons: 
II 
II 
II 
II 
I 
1. This type of aid can be produced far less ex- I 
pensively than the motion picture film. 1 
2. The aid can be easily operated by any teacher or I 
pupil~ with little if any mechanical training being I 
necessary. 
3· There is no heed for a motion picture shed, for 
no unwelcome sound is to be expected from the pro-
jector. 
4• A follow-up could be conveniently prepared by 
the teacher with the use of either sound or picture 
alone. 
I 
I 
I 
5. Small groups can utilize the aid far more effi-
ciently than would be possible with the sou_~d film. 
6. The impressions made by natural color film are 
superior to black and white. 
i 
II 
l\ 
The first step in the planning of this aid was to 
locate and accept an analysis of the desired apprecia-
tions, attitudes, interests, concepts and skills associ-
ated with the scientific method. The analysis prepared 
by Heiss, Oburn, and Hoffman1 was selected and used as 
the guide in preparing the commentary. The first draft 
of the commentary was checked with the five desired out-
comes, and the necessary corrections were made so as to 
include material which attempted to teach for the pro-
posed purpose. 
The second draft was checked for proper vocabulary 
level by several colleagues of the author, who have had 
a great many years of experience as te~chers of English 
at several different schools of junior high school level. 
Finally, the needed corrections were made, and a script 
was prepared and timed for 28 minutes. 
With the script completed, attention was given to 
the selection of scenes and objects which would suitably 
illustrate the prepared corr~entary. Seenee and objects 
appearing most often in the grade-level environment of 
the junior high school pupil were highly favored. This 
II 
1Heiss, Elwood D., Oburn, s., 
Modern Science Teaching, the 
1950, PP• 90-93• 
II 
and Hof.fman, Charles w., 11 
Macmillan Company, New Yor~ , 
II 
,I 
2 
!I 
list of' /' possibilities f'or ~hotographing, selected by the , 
author, was given constructive criticism by a prof'ession- 1 
al photographer, who helped in f'orming the f'inal list 
ror photographing, and who advised on proper camera 
technique. 
An Argus C-3 35 millimeter camera was used f'or all 
photographic work. A p.·or;tr'a.' attachment was used f'or 
the several close up pictures. The outdoor pictures were II 
taken with Type B Kodachrome film and natural illumina- J 
tion. A Weston light meter was used to determine proper 
exposure. Indoor pictures were taken on Type A Koda-
chrome f'ilm. 
A schedule was planned for taking the suggested pic-
tures. Many of the slides were taken at the Woodrow 
Wilson Junior High School in Dorchester, Massachusetts, 
where the students in the author's classes cooperated by 
posing. In each case, several shots were taken for each 
I 
desired picture. After completing the photographic I 
schedule, the films were sent for processing to the ·East- ·j 
man Kodak Color Laboratories at Rochester, New York. 
The best illustrations were chosen f'rom the many 
slides taken. The f'ollowing criteria were used f'or judg-
ing the acceptability of slides for final selection: 
1. The theme of the photograph must be properly 
centered for emphasis. 
I 
I 
I 
2. The theme or the photograph must be pictured 
with recognizable objects ror easy comparability 
and identification of size relationships. 
3. The photograph must be properly exposed. 
4• Color tones must be realistic. 
The slides accepted attempt to meet the above criteria. 
The recording was made at the Ace Recording Studio 
in Boston. Tape was used for the initial impression, 
from which the 33 1/3 rpm disc was finally made. An or-
gan note was sounded to indicate to the . user of the aid 
when to change the slides. Ample time was allowed for 
this simple synchronization. Incidental music was added 
to the commentary for effect. The completed aid accom-
panies this paper. 
CHAPTER IV - INFORMATION PERTAINING TO THE AID 
It is well to restate that this ~udy makes ne at-
tempt at producing a teaching device which, by its use 
alone, would result in the adoption by pupils of that 
desired behavior characterized by the scientific method. 
Rather, this aid is meant to be used as only one means 
il ~ 
I 
I 
I 
or experience toward reaching that goal. The attainment \ 
of this goal will not be had with the construction of 
one or many audio-visual aids, but rather by properly 
guiding pupils into direct purposeful experiences, and 
practices of doing, contrived by both pupils and teach-
ers, with the .desired ends in mind. 
"To solve this problem each science course must be 
approached not through the gate marked Subject-
Matter-as-an-End-in-Itself but through the op-
posite gate marked Desirable-Changes-to-be-Made-
in Pupils."l 
In general, it is only through the cooperation of' 
all teachers, regardless of subject matter, that the 
school will be able to focus its teaching upon the need 
for such development and growth that includes successful 
problem-solving abilities. 
!Billett, Roy o., Fundamentals of 
ing. Houghton Miff in Company, 
I 
II 
I 
ARRANGEMENT OF SLIDES 
The slides have each been numbered and placed in a 
specific order. It is essential that these slides be 
kept in this order, for their given arrangement of show-
ing is synchronized with the narration of the record. 
The sound of an organ note indicates to the operator 
when to project the slides. The presentation has been '1 
timed for 28 minutes, in orde:h. to permit complete show-
ing in the time alloted for most school periods. 
The commentary is here quoted and information about 
each slide given, for use by the teacher in planning for 
the proper use of the aid. 
Picture: 
Sound: 
Picture: 
Sound: 
Picture: 
Sound: 
#1 
Title - "Scientific Method." 
Introductory music. 
#2 'I 
II 
The entrance to a school building. . 11 
More students in our schools today are studying ! 
science than at any other time before. Science 
can be fun ••• and it is interesting as well. 1 
I 
#3 il 
A group of children, in a wooded area, looking I 
at a white-clouded sky. 
It helps us in answering many questions about 
all the things around us. Why are the trees 
green? What are the clouds in the sky? · Today lj 
,j 
our lives are more enriched, because many 
people were curious, and wanted to know the 
answers to such questions. 
#4 
Picture: The telephone, radio and television set. 
Sound: The telephone, radio and the television set 
were unknown to many of your grandparents, 
when they went to school. Now, they are part 
of our everyday lives, thanks to science. 
#5 
Picture: k view of a large medical center. 
Sound: Science has not only added to our comforts, but lj' 
has also helped fight disease. Here ••• in 
this new large hospital, many people who could 11 
not be helped be.fore are treated and cured, so II 
that they can live normal, healthy lives. • • 1 
thanks to science. · 
Picture: 
Sound: 
Bicture: 
Sound: 
Title - "Scientific Method." 
Did you ever wonder how scientists, who have 
done so much to help make our lives .fuller and 
happier, answer their questions? How do they 
know when they have answered their questions 1 
correctly? Their manner of answering questions , 
has proved succassful, and we're going to learn ! 
how to answer our questions as the scientist , 
does. This is called the scienti.fic method. \ 
#7 
Boys watching sail boats. 
The scienti.fic method may be used in many every ! 
day activities. Perhaps you enjoy boating, or 
swimming ••• or baseball. Every game or sport 
in which the motion of some object is involved 
has its "science." 
Picture: 
Sound: 
I' 
II . 4. 
II 
,, 
A class saluting the flag. 
Remember also that you will be the future ·r 
leaders of our country, who will need to vote 
intelligently for the betterment of our countryl1 
and communities. Thus, the scientific method 
will help you judge si tua tlons and people fair- ) 
ly, and will teach you how to draw correct con- 1 
elusions. 
#9 
Picture: A student talking to his class. 
Sound: Now, let us see the scientific method in ac- j 
tion. In this class, Roger asked the question, ! 
"Which is heavier., a hot or a cold liquid?" i 
The class disagreed. Some thought a hot liq- · 
uid was heavier, and others felt sure that it 
was a cold liquid. Roger was appointed chair-
man of a committee to find out the answer and 
report back to the class. 
Picture: 
Sound: 
Picture: 
#10 
A group of students at a table conferring with 
notebooks open. A large sign reading PLAN is 
in the background. 
First, Roger, Paul and Maureen carefully wrote 
out their problem. Is a hot liquid heavier 
than a cold liquid? It is very important to 11 
write out the problem carefully. Maureen also 
wanted to find out what the bubbles are that 
1
1 
she often saw in boiling water, but Roger 
1
1 
warned that they had better find out the answer11 
to one thing at a time. Of course studying one~~ 
thing at a time is so much less confusing. I 
#11 li 
Boy measuring amounts of colore d liquid. Large! 
signs in the background contain the words "Ex- . 
periment - Observe - Gather Information and I 
Data " 
• I 
II 
I 
I 
Sound: Now, how are we going to find our answer? 
"Let's color some water and use that as our 
liquid." "Good~" they agreed. Maureen said 1 
"Let us weigh the liquid." "Before or after , 
we heat it?" asked Paul. "Let us use a balance ! 
scale so we can compare equal amounts," said II 
Roger. And so ~ey carefully planned an ex- 1 
periment that would arrive at an answer for 
them. 
#12 
Picture: A balance containing equal amounts of colored 
water. 
Sound: On the right, they placed a measured equal 
amount of liquid as on the left, and found that 
they balanced. Then, they decided to heat the 
liquid on the left. This is the experimental 
and the one not touched on the right is the 
control. 
Picture: 
Sound: 
Picture: 
Sound: 
#13 
Balance, containing liquids, with one side 
higher. 
After heating the liquid on the left, they 
filled the bottle to the s~me careful measure- 1 
ment and found that a little was left over. 1 
After placing it on the balance ••• this is I 
what they observed. li 
#14 
Boy, writirg in notebook, at his desk. 
All this information was recorded by Roger in 
his notebook. He carefully watched for any 
change. He called the liquid heated~ the ex-
perimental, and the other, the control. Paul 
said, "Hell, let us look over our recorded data 
and see if we can draw any conclusion, from the 
evidence gathered." 
li 
II 
I 
Maureen thought 1 "Since the experimental ' 
bottle, which was heated went up blghar, it 
must have become lighter." 
"Of course," Roger agreed. 
#15 
#16 
Picture: A sidewalk laid out in blocks. 
Sound: We have just seen the scientific method in ae-
tion. Now, let us review the process. First, 1 
become alert and curious about your environ- ' 
ment. For example, you might have noticed a 'I 
Picture: 
Sound: 
sidewalk laid out in blocks like this. Perhaps! 
you played sidewalk tennis on these blocks. If, 
you were curious, you have probably already di 1 
covered why the sidewalk is laid out in blocks ·I 
Curiosity is the spark that starts the scienti-
fic method. Th~nk. What question would you 
ask about the blocks? 
#17 
A scientist in a laboratory reading a book. I! 
Before any scientist can learn what is new •• .:! 
he hae to learn about the old, or what ethers I 
have found out about the problem up to now. He 
does not necessarily have to believe all that I 
he reads, but reviews any conclusions earefUllyl, 
to make certain that the scientific method was 11 
used accurately in obtaining the evidence that 
he is reading. 
36 
#18 
Picture: A boy entering the library, with the library 
plaque in the backgrcmnd. · 
s-ound: Go t:cv·:the library, and learn how to find the 
information you want. The librarian is there 
to help you and is your friend. Everyone here 
should have a library card, as Roger does. It 
can be the key that will open new worlds to 
you. 
#19 
Picture: A book opened to the Index. 
Sound: Learn how to use the Index at the back of most 
textbooks. It will tell you the page in the 
book where needed information can be found. 
#20 
Picture: An open encyclopedia. 
Sound: Develop the good habit of referring often to , 
the encyclopedia. Always keep in mind the prob : 
lem that you wish to answer. The dictionary ! 
will prove helpful as well. You can also send 
to many places for free pamphlets. These books 
are your tools ••• learn to use them well. 
#21 
Picture: A card catalogue at the library. 
Sound: At the library, you will find a card catalogue 
such as this. It will tell you the names and 
the authors of all the books in the library. 
This is of great import~nce in solving your 
problem. Many of you already know its value. 
Again, the librarian will gladly teach you how 
to use it correctly. The librarian is there to 
help you. 
#22 
Picture: A sidewalk laid out in blocks. 
'7 
Sound: 
Picture: 
Sound: 
Picture: 
Sound: 
After using the library, you have discovered 
that the sidewalks expand or grow larger on a 
hot day, and contract,or grow smaller on a c0ld l 
day. The space between the blocks is the room 
left purposely for this expansion and contrae- l1 
tion. You also kno1or that spaces are left be- I 
tween rails on tracks, and you know why bridge 
builders nru.st remember this before designing a 11 
bridge. You have learned all this from your 
reading. I 
#23 
A close up of a boy holding the Gravesend ball !'j 
and ring. 
Now, you are ready to perform an experiment to .
1
1 
prove this to yourself. Accept as facts only 
statements supported by convincing evidenee. I 
After Paul reported to the class what he had 
learned at the library, the teacher handed him 1 
this ball and ring, and asked him to demonstr~l 
to the class what he had learned. Paul knew 
exactly whaj ta do. He showed the class that 
the ball easily fitted through the ring. 
II 
:I 
II #24 
A boy heating the ball of the Gravesend appa-
ratus in the Bunsen Burner. 
II 
,I 
I 
Everyone in the class watched very closely as i 
he heated only the ball in the Bunsen Burner. j 
What do you think happened, after Paul tried to 
fit the ball through the ring again? •••• or \ 
course, the ball grew larger after being heate~ 
and could not fit through the ring as it did be~ 
fore. 
#25 
Picture: Boy recording observations in his notebook. 
Sound: As with your experiment, remember that every 
good scientist records his observations in his II 
notebook. His notebook becomes very valuahle lj 
to him, for it is a record of what happens dur-
ing the experiment. He writes in his notebook 
I 
only what actually takes place ••• not what he 
hopes will happen. Why is this so important? 
#26 
Picture: A close-up of a kitchen sin~ faucet with runn-
ing water. 
Sound: 
Picture: 
Sound: 
Now, let us test ourselves for practice in de-
fining a problem. Here is a picture that we 
are all familiar with. What question would you 
I like to answer, when looking at this pieture? 
To yourselves, state the question clearly and 
simply •••• Pause •••• some of you may have 
though, "What is water?" or "Where do we get 
our water from?" or "Are there any harmful 
germs in water?" Questions such as these are 
very good, and show that you are really learn-
ing to think by using the scientific method. 
#27 
A girl holding a magnet attnaeting a solid. 
Here we find Maureen holding a magnet attract- I 
ing a bar of •••• Well, a bar of what mater- ! 
ial? Do not answer hastily. State the que8- I 
tion you are trying to answer. Be careful, if 
you feel sure that the bar is iron or steel, 1 
you may be wrong. Other materials can be at-
tracted by a magnet. Those of you that are 
thinking the question, "What materials can be 
attracted by a magnet?" are using the sci-
entific method. Iron and steel are two mater-
ials that can be attracted by a magnet. See ! 
if you ean not discover two ether materials fGr l 
yourself later. 
#28 
Picture: A man sitting on a staircase with his faee in 
his folded hands. 
Souni: This man appears confused. He may be very 
worried about many things. If he is ••• it I 
would be far easier for him if he were to de- II 
fine each problem that is troubling him. Thus, I 
realizing his problems, he would be better 
equipped to find a solution. In the same way, 
we can use the scientific approach not only in 
class, but also in our everyday lives. 
#29 
Picture: Outdoor scene of Franklin Park, Boston. Here 
the trees are seen in all their beautifUl fall II 
colors. 
Sound: After your problem is clearly defined, you are 
ready to collect evidence. Your laboratory 
need not be in school. It can be anywhere. 
The outdoors is a well supplied and most wonde 
ful laboratory. Make use of nature's many 
gifts for pr~~tice in observation and labora-
tory study. You will enjoy doing this. Re-
member to bring your notebook with you. 
#30 
Picture: The moon taken through a telescope at night. 
Sound: Here is a picture of the moon taken through a 
telescope at night. The moon is there for all 
of us to observe. What is the moon? Why does 
it change its shape? Careful observation, 
which is part of the scientific method, will 
help you to answer such questions. You will e~ joy finding these answers for yourself. 
#31 
Picture: A close-up of the kitchen sink. 
Soun:l: What is it that turns the outdoors or even our 
kitchens into laboratories for us? It is our 
observation. When we watch carefully and look 
for certain things needed to answer our prob-
lems, we have made a laboratory · for oursel.\lres. 
#32 
Picture: A cage containing two white rats. The n~es of 
these animals appear above the cage. 
Sound: In planning an experiment, scientists use a con-
trol and an experimental. For example, if we 
4 
I 
II 
Picture: 
Sour:rl: 
Picture: 
Sound: 
Picture: 
Sound: 
wished to discover the effects of a certain 
food on the rat, we would proceed as follows. 
The experiment would require the use of two 
rats. Luigi, at the left, would be fed only 
the food tested. He would be the experimental II 
rat. Rosa would continue on the ordinary diet 
and would be the control. This would enable 'I 
us to compare the differences between the two I 
animals. I' 
,I 
#3?; 
In black and white. Sheep in adjoining cages. 
Over one cage, appears the sign, "Vaee1nati4." 
The sign appearing over the a~~ cage reads, 
"Unvaccinated." 
I 
I! 
Louis Pasteur proved the value of vaccination 
in this same way. He vaccinated the experi-
mental group of sheep against a certain common 
sheep disease, and did nothing with the un-
vaccinated control group. This experiment was 
performed in a public square, in order that he 
might prove the value of vaccination to the 
people. After the sheep were exposed to the 
dise~se, this is what he found •••• 
#34 
II 
'I 
Similar to #33 1 only in this picture the group i,l 
labeled unvaccinated are dead. 
!! 
The experLmental group which were vaccinated 
were still alive, but the control or unvac-
cinated group of sheep had died. He was thus 
able to draw a very important conclusion. His 
vaccination had proved successful with sheep. 
1135 
The quoted words found below. In black and 
white. 
We are very thankful to Pasteur, for through 
this experiment. • • "He found that in over-
coming weak germs, the body prepares itself to 
resist strong germs of the same disease." Your 
doctor will tell you that this fact, discovered 
I 
\I 
II 
by Pasteur, has kept many of us from becoming 
seriously ill. 
#36 
Picture: The flags of many nations, as they are lined 
up at Rockefeller Center, New York. 
Sound: In gathering evidence, remember that many 
peoples from all parts o~ the world, contrib-
uted to our present day knowledge, found in 
your textbooks. Read about the lives of 
Pasteur, a Frenchman ••• Marconi, from Italy •• 
• steinmetz,from Germany ••• and Edison, the 
Aire rican. We hope that an understanding of all
1 peoples will develop with the use of the sci- ; 
entific method, and we also hope that all :j 
peoples will use the scientific method to work j' 
together for the common good. 
#37 I 
Picturei A group of three pupils holding up a sign which 
reads, "Do You Answer Your Questions Scienti-
fically?" 
I 
Sound: Do not form hasty opinions. The scientific I 
method, as you have seen, helps us to eliminate ! 
Picture: 
Sound: 
prejudice and bias. Draw conclusions based i 
only upon sufficient evidence. Insist that i 
others do this as well. If there is insuffi- I 
cient evidence ••• withhold judgment. Be sci- \ 
entific. 1 
#38 
A display unit consisting of a rabbit's foot, 
voodoo doll and a horseshoe. · 
If we follow this method of reasoning, is there \ 
anything which shows that any of these articles 1 
will bring bad luck? Will a rabbit's foot, j 
horseshoe or voodoo doll bring good luck'? Of 
course not. Such superstitions were very com-
mon hundreds of years ago. Your history book 
will tell you of the great wrong done to in- 1 
nocent people in Salem, Mass. during the early ,I 
days of our country, when people believed in I 
I 
'I 
I 
witchcraft. 
#39 
Picture: A boy walking under a ladder, reflected in a 
mirror. 
Sound: That walking under a ladder and breaking a mir- 'i 
ror bring bad luck are foolish superstitions 
as well, because there is no truth beh ind them. '1. 
They are beliefs of people who have not learned 1 
to think clearly. We need never fear any su- ' 
perstition, if we use the scientific method of 
seeking the truth. 
#40 
Picture: A man reading the daily newspaper. 
Sound: Check the information collected carefully be-
fore drawing any conclusion, and make certain 
that you are able to support the conclusion 
drawn. Newspapers are written by people who 
may make mistakes. It is your job to look for 
sufficient evidence before accepting what you 
read as the truth. A careful newspaper reader I· 
is not only scientific, but also a good citize~ l 
#41 :1 
Picture: Outdoor scene. J 
I 
Sound: Now, let me test you. Think to yourself. If i 
the sun shone every Thursday for the past eight ' 
weeks, what can we tell about next Thursday• s ,, 
Wte:.~ ther? Pause. • • .If you thought that we I 
could honestly tell nothing, you were abso- I 
lutely correct. Insufficient evidence. It may 1 
rain next Thursday or it may be a sunny day 
again. 
#42 
Picture: Two Goldfish in a bowl. 
Sound: In drawing conclusions, one must show great ca~ 
If you cared for ten Goldfish in this bm·ll, and lj 
found that they died, but that when you eared 
11 
I 
lj 
1 II 
for only two, they lived ••• what conclusion I 
might you draw? Conclusions that we may arrive 1 
at are not all of the same strength. Some have l 
more evidence for acceptance than others. 
#43 11 
Picture: The word "Hypothesis." 
Sound: k conclusion drawn, which has not been proved, 
but which has some evidence for its truth is 
called an hypothesis. Notice the spelling of 
this word. An hypothesis is similar to a 
problem, for it requires a great deal more ex-
perimentation and evidence, before it can be 
accepted as the truth. 
#44 
Picture: The word, "Theory." 
Sound: If more evidence is accumulated, a great deal 
of experimentation performed, and the hypo-
thesis still appears true, it may then be . 
temed a theory. However, a theory 1 it must be ,I 
rememberfi.d, has not as yet been finally proved 11 
to be the truth. 
Picture: 
Sound: 
#45 
The word, "Law•" 
The strongest type of conclusion is the law. 
This has been proved. It is very close to the 
truth, and may be accepted as such unless fur-
ther evidence proves the law to be incorrect. 
#46 
Picture: A boy in a grocery store pointing to the scale. 
Sound: You have now had the scientific method ex-
plained to you. It is now your job to put it 
to use. It will make a better consumer of you, 
and will protect you against bad purchases. 
Build the habit of searching for the truth at 
home, school and even at play. 
I 
I 
I 
I 
4.4 
#47 
Picture: Widlife in the outdoors. 
Sound: Clear thinking will also enable us to realize 
the importance of looking into the future and 
of conse~ving our natural resources, such as 
the forests and wildlife so important to our 
country. AS!: about our natural resources. 
Picture: 
Sound: 
Picture: 
Sound: 
What are they, and why can waste prove so harm- 11 
ful? Your teacher will gladly discuss this 
with you. 
#48 
Boy pointing te a fire extinguisher. 
Begin using the scientific method today. After ! 
you study science principles, look for examples 
of them, as Roger is doing here. Remember that
1 
curiosity has led many scientists to make val-
uable discoveries. 
149 
Two neighbors shaking hands, while gardening. 
I Be fair in your judgments, expecially of people. 
This will develop good friendship and neighbor-
liness. It will help spread good will. 
#50 
Picture: Three little Dutch girls in native costume. 
Sound: Respect other peoples, regardless of what they 
wear ~ how they talk. These little Dutch 
children enjoy the same things you do. 
#51 
Picture: Review of the scientific method appearing on 
the blackboard. 
Sound: Now, let us quickly review what 
today. In using the scientific 
ing,--remember: 
we have learned 1 
method of think-
First, define the problem. ,J 
-.5 
Secondly, plan and read for your solution. 
Thirdly, experiment and observe. 
Fourthly, gather information and data. 
Lastly, draw your conclusions carefUlly and 
accurately, and if possible apply them. 
#52 
Picture: Boys conversing after school, with books in 
hand. 
Sound: Remember what you have learned today. Tell 
your friends, after school, about the scienti-
fic method of thinking and what it involves. 
You will enjoy knmdng that you are working 
scientifically. 
653 
Picture: The Capitol of the United States, at Washington, 
D. c. 
Sound: The scientific method and clear thinking are 
important to the success of our country, becau 
clear thinking makes for good citizens, and 
good citizens will make a happier and stronger 
America for all. 
#54 
Picture: An outdoor scene, with the words "The End" su-
perimposed. 
Sound: Appropriate climactic musie. 
Table 1 was used to check the content of the aid 
with the desired proposed teaching outcomes. 
Slides 1 and 54 were prepared especially for thi~ 
II 
I 
study by the Elite Custom Titling Company of Minneapolis, I 
Minn. Slides 5-30-33-34"35-36-50-53 are scenics, which J 
have been purchased from commercial stock. 
11 
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CHAPTER V - SUMMARY AND SUGGESTIONS FOR 
FURTHER STUDY 
The development of the scientific method is today 
'"' 
recognized as a major aim cf science instruction. This 
is easily understood, since the scientific method is 
thought of in terms of the desirable appreciations, at-
titudes, interests, concepts and skills which are as-
sociated with such development. 
Some science teachers believe that the study of 
science automatically results in the development of sci-
entific ways of thinking, because of the nature of th• 
subject matter. Although there is not complete agreement 
on the subject, studies report for the most part that a 
scientific method of thinking may be inculcated with 
directed instruction. 
There is need for an aid in teaching the scientific 
method, rather than presupposing that it is the direct 
outcome of learning principles. Several commercially 
produced motion pictures which comprise in part infor-
tt mation dealing with the content under discussion have 
been uncovered. Although several such films leave the 
aspects of the scientific method to implication, none 
were found to deal directly with this theme. 
4:7 
e 
e 
The analysis of the scientific method by Heiss and 
associates was used as a guide in preparing the script 
for the narration. The content of the commentary was 
carefully checked with the desired outcomes of such 
teaching, classified under appreciations, attitudes, 
interests, concepts and skills. A vocabulary level suit-
able for junior high school was adapted. The recording 
was made and timed for synchronization of slide with 
sound. 
The aid has been shown to several groups of teach-
ers, ten science classes, and a graduate seminar at the 
Boston University School of Education. The check list 
sheet appearing as Appendix B was used to indicate ob-
jective judgment and comment. This evaluation has shown 
that the aid meets with genuine approval for content 
value, and that the vocabulary is acceptable for junior 
high school use. It is interesting to note that the aid 
was welcomed by teachers of both science and non-~cience 
subjects. 
The aid is a vicarious experience in learning the 
scientific method, and must be thought of as such. The 
fulfillment of the development of the desired apprecia-
tions, attitudes, interest, concepts and skills associ-
ated with this method of problem solving requires direct 
II purposeful experience. Ttie teacher should plan for the ~~ 
~~ :::::r~: ::i:h::,::de:::::::::l:~. ::.:e:::a~::v:: I 
ment in the teaching of the scientific method. 11 
I An attempt has also been made to arouse teachers to I 
! I 
the feasibility of constructing their own audio-visual 11 
aids, when they find that available aids lack desired 1~ 
emphasis. In connection with audio-visual aids, Dalel 
states this of the teachers: 
Aware of how; well these materials can be made 
to work, she will want to experiment in making 
wider applications. 
SUGGESTIONS FOR FURTHER STUDY 
This study has suggested several opportunities for 
related research. 
1. There is opportunity to devise further instru-
ments than are now available for the measure-
ment of scientific thinking ability. 
2. An experimental study would be welcomed for ac-
curate evaluation of this aid. 
3· Studies using applications of natural color 
slides or other visual aids can be conducted. 
4. There is occasion for a su~vey study that would 
indicate to what extent teachers are employing 
the scientific method today. 
5. An improvement of this aid would be a natural 
result. 
lnale, Edgar, Audio-Visual Methods In Teaching. The Dry-
den Pre.ss, New York, 1950, P• 4. 
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APPENDIX A 
GUIDE FOR THE WRITING OF THE NARRATION! 
DESIRABLE APPRECIATIONS 
1. The contribution ·or science to the progress of civili-
zation. 
2. The methods of problem solving as they have been used 
by scientists in making discoverie& 
3· The potentialities of science for creating well being 
or destruction for the peoples of the aarth. 
4• The contributions of science to promoting good health 
and eliminating disease. 
5. The manifold applications of science through inven-
tions. 
6. The casual role of science inc reating social and 
economic problems and in aiding in their intelligent 
solution. 
7. The importance of science for the consumer. 
8. The importance of conserving natural resources of 
many types. 
9. The potentialities of science for raising standards 
of living. 
DESIRABLE ATTITUDES 
1. Looks for the natural causes for things that happen: 
a. Does not believe in superstitions, such as charms 
of good or bad luck. 
1Heiss, Elwood D., Obourn s., 
Modern Science Teaching, The 
!950, p. 91. 
and Hoffman, Charles w., 
Macmillan Company, New York, 
I 
II 
II 
b. Believes that there is no connection necessarily 
between two events just because they happen at the 
same time on one after the other. · 
2. Is open-minded toward work and opinion of others and 
information related to his problem. 
a. Believes that truth never changes, but his ideas 
of what is true may change as he gains better un-
derstanding of that truth. 
b. Revises his opinions and conclusions in the light 
of additional reliable evidence. 
c. Listens to, observes, or reads evidence supporting 
ideas contrary to his personal opinions. 
d. Accepts no conclusion as final or ultimate. 
3· Bases opinions and conclusions on adequate evidence: 
a. Is slow to accept as facts anything not supported 
by convincing proof. 
b. Bases his conclusions upon evidence obtained from 
a variety of dependable sources. 
c. Searches for the most satisfactory explanation of 
observed phenomena that the evidence permits. 1 
d. Sticks to the facts and regrains from exaggeration. 
e. Does not permit his personal pride, bias, preju-
dice or ambition to pervert the truth. I 
f. Does not make snap judgments or jump to conclusion~ 
Evaluates techniques and procedures used and informa- II 
tion obtained: I 
a. Uses a planned procedure in solving his problems. 
b. Seeks to use the various techniques and procedures 
which have proved valuable in obtaining evidence. 
c. Seeks to adapt the various techniques and proced- · 
ures to the problem at hand. 
d. 
er it relates to the problem. 
e. Judges whether the evidence is sound, sensible, 
and dompaete enough to allow a conclua!on to be 
dra'Wtl. 
f. Selects the most recent, authoritative, and accu-
rate evidence related to the problem. 
5. Is curious concerning the things he observes: 
a. Wants to know the "whys," "whats," and "how" o:f 
observed phenomena. 
b. Is not satisfied with vague explanations of his 
questions. 
I 
I 
I 
I 
I 
I 
I 
DESIRABLE INTERESTS 
1. Interest in some phase of science, for a career such 
as engineering, chemistry, medicine, mining, agri-
culture, etc. 
2. Interest in amateur photography. 
3· Interest in astronomy. 
4. Interest in microscopy. 
5. Interest in birds as a hobby. 
6. Interest in collecting rocks and minerals. 
7. Interest in chemistry as a hobby. 
8. Interest in botany a.s a. hobby. 
9. Interest in gardening. 
16.Interest in making scientific equipment. 
DESIRABLE CONCEPTS OF PROCEDURE 
1. Sensing significant problems. 
a. Sensing situations involving personal and social 
problems where science knowledge and skills can be 
profitably used. 
' 
i 
I b. Recognizing specific problems in these situations. 
2. Defining problem situations. I 
a. Isolating the single major idea of the problem. 1 
b. Stating the problem (question) in definite and 1 
concise language. I 
c. Selecting the key words of a problem. 
d. defining key words as a means of getting a better 'lj 
understanding of the problem. 
3. Studying the situation for all facts and clues bearing l 
upon the problem. 
a. Learning to recognize valid evidence. I 
b. Recalling past experiences which bear upon a prob-
lem. 
I, 
li-
c. Isolating elements connnon in experience and proble~ 
d. Using experimental procedures suitable to the so- 1 
lution of a problem. 
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(1) Devising experiments appropriate to the solu-
tion of a problem. 
(a) Selecting the main factor in the experi-
ment. 
(b) Allowing only one variable. 
(c) Setting up controls for the experimental 
I 
I 
/ -s 
factor. I (2) Carrying out the details of the experiment. 
(a) Identifying effects and determining causes. J 
{b) Testing the effects of the experimental 
1 
factor under varying conditions. 
(c) Performing the experiment a sufficient 
number of times to insure reliable evidence~1 (d) Determining and recording qualitative and 
quantitative data. 
(e) Developing a logical organization of re-
' corded data. . ij (f) Generalizing on the basis of data:t. ! 
(3) Manipulating the laboratory equipment needed in 
solving a problem with understanding of its 
funotion. 
(a) Selecting the kind of equipment or mater-
ials that will be helpful in the solution 
of the problem. 
(b) Appraising scales and divisions of scales 
on measuring instruments. 
(c) Avoiding hazards and consequent personal 
accidents. 
~· Locating source materials. 
f. Using source materials. 
g. Solving mathematical problems necessary in obtain-
ing pertinent data. 
h. Making observations suitable for solving a problem. 
i. Using talks and interviews as sources of informa-
tion. 
4• Making the best tentative explanation or hypothesis. I 
a. Selecting important factors related to the problem. ll 
b. Identif'ying the different relationships Hhich may 1
1 exist be tween the factors. 
5. Selecting the most likely hypothesis. 
a. Analyzing, selecting, and interpreting relevant 
data. 
b. Judging pertinency or significance of' data for the 
immediate problem. 
(1) Checking data against authority. 
(2) Recognizing and developing logical sequence of 
data. 
c. Recognizing weaknesses in data. 
d. Using resourcefulness in proposing new hypothesis. 
6. Testing thel':WPothesis by :·e.xperimental or other means. 
a. Checking the hypothesis with recognized authori-
ties. I 
b. Devising experimental procedures suitable for test- i 
ing the hypothesis. I 
c. Organizing data. 
d. Rechecking data for errors in interpretation. 
e. Applying the hypothesis to the problem to deter-
mine its adequacy. 
7. Accepting tentatively or rejecting the hypothesis and 
testing other hypotheses. 
8. Drawing conclusions. 
a. Using the hypothesis as a basis for generali~ing in 
terms of similar problem situations. 
DESIRABLE SKILLS 
1. Skills in the use of the library. 
a. Skills in using reference books of all types. 
b. Skills in using aids which the book provides for 
locating specific items. 
2. Skills in skinl~reading · m.~ter-ials• 
" 
3. Skills in careful and critical reading to note de-
tailed facts. 
4• Skills in gathering and organizing information. 
a. Skills in note-taking. 
b. Skills in outlining. 
5 
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APPENDIX B 
EVALUATION OF VISUAL AID ON THE 
SCIENT I FIC NETHOD 
.. - '!"-."' . ·, .· 
. 'J 
THIS AID CO:,;s I STS OF 58 11 2 x 2 n lEODL OPiliOL:E SLIDES 
·,JITH A t iCRO ;,. GROOVE RECORD i fG FOR l'!ARRLT I OiJ . 
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